We describe a real-time system for editing large 3D meshes. The system supports both global and local modulation of surface detail, expressing the position of vertices on the edited geometry as the solution to a linear system of equations defined over the surface. The interactivity of our system is enabled by the design of an efficient sparse linear solver, providing an interface with which users can explore a broad landscape of possible surface modifications.
Methodology
Our approach is motivated by the early work of Taubin [1995] in geometry-processing and the more recent work of Bhat et al. [2008] in image-processing.
In Taubin's work on fair surface design, he describes how the eigenvectors of a mesh Laplacian can be thought of as a generalization of the Fourier basis. Consequently, convolution-like operations such as mesh smoothing can be implemented by dampening the geometry coefficients corresponding to the higher frequencies.
More recently, Bhat et al. consider the optimization problem that arises when trying to preserve the values of an image while simultaneously amplifying or dampening its gradients:
(with F the input image, G the optimal solution, α the fidelity weight, and β the gradient modulation term.) They show that finding the image minimizing the sum of squared errors is equivalent to solving a screened-Poisson equation:
and that the solution of this system is equivalent to the convolution of F with the filter H whose frequency coefficients are given by:
In this work we generalize the results of Bhat et al. to the context of geometry processing, explicitly solving a screened-Poisson equation in order to achieve the desired frequency modulation effects. Using the coordinate function of the mesh as the initial function F, we develop a system that supports the editing of surface geometry.
There are two advantages to our approach:
• By using a fast linear solver, we can obtain the effects described by Taubin, without ever having to solve an eigenvalue problem, allowing for the processing of large meshes.
• By formulating the editing operation as a solution to a linear system, we can violate the stationarity condition required by Bhat et al. and assign variable gradient weights, allowing a user to specify amplifying weights to sharpen the geometry in some locations and dampening weights to smooth it in others. * e-mail: ming@cs.jhu.edu † e-mail: misha@cs.jhu.edu
Implementation
To support real-time edits, we must be able solve the screenedPoisson equation efficiently. To this end, we use the octree-based finite-elements system introduced by Chuang et al [2009] . Leveraging the regularity of the octree, we design a parallel (via domain decomposition) and cache-friendly (via temporal blocking) solver.
After solving the system for the coefficients of the new geometry (with respect to the basis of the finite-elements system), the coefficients are streamed to the GPU where a CUDA kernel evaluates them to get the vertex coordinates of the new mesh.
Results
Parallelizing the solver and using a cache-friendly implementation, we obtain a 3x speed-up, resulting in an editing system that can process meshes consisting of up to one million vertices at a rate of over 25 frames-per-second. Figure 1 : Starting with the original model (top left), a user applies global smoothing to the geometry by specifying β = 0 over the mesh (top center). To have the smoothing effect the lower geometric frequencies, the user increases the fidelity weight α (top right). The user then selectively sharpens the top face of the tablet by increasing the associated β values to obtain the final model (bottom row).
